I. INTRODUCTION
C ost function analysis can provide valuable information for addressing important public policy questions related to the structure and fi nancing of K-12 school systems. It can be used to evaluate the potential benefi ts from major institutional design changes such as school district consolidations, expansions of charter schools, or the introduction of vouchers. Cost function analyses have been used to suggest appropriate adjustments to school funding formulas for differences in the educational environment or student demographics (Alexander et al., 2000; Duncombe and Yinger, 2005; Reschovsky, 2005, 2006) . Recent legislative and judicial evaluations of school fi nance adequacy have looked to cost function analysis for guidance (Gronberg, et al., 2005; Imazeki and Reschovsky, 2005; Duncombe, Lukemeyer, and Yinger, 2008 ). In the current fi scal climate, policymakers may turn to cost function analyses to justify spending cuts.
The value of information obtained from an estimated cost function rests, of course, upon the quality of the estimates. Obtaining high-quality cost function estimates for education is a particularly challenging task for at least three major reasons. First, measuring school quality is diffi cult. The common practice is to include various test-score-based measures of student achievement as an indicator of classroom quality. However, test scores are likely to be biased measures of school output because students from advantaged families tend to score well on standardized tests even when the school itself is mediocre, and students from disadvantaged families can score poorly even when the school is excellent.
A second major hurdle to education cost function estimation is the diffi culty measuring many of the non-labor inputs used in the production of education services. This is especially true for the capital stock. A near-universal feature of education cost function estimates is the absence of good measures of school capital inputs. Although education is quite labor-intensive, there are good a priori reasons to believe that capital is an important factor in the production function for educational outcomes, and therefore an important factor in the (dual) educational cost function. Indeed, state policies for infrastructure funding are predicated on its central role in educational production. Unless one is willing to assume that existing capital stocks are at their long-run cost minimizing levels for all districts and that the price of capital is constant across all districts (rather heroic assumptions), excluding capital from cost function analyses introduces omitted variable biases.
The very real possibility that public school managers systematically fail to minimize cost creates a third obstacle to deriving valid estimates of school cost functions. There are several approaches to modeling ineffi ciency in a cost function context. Some researchers have chosen to add independent variables that may be correlated with ineffi ciency -such as education market concentration indices -as effi ciency controls (e.g., Imazeki and Reschovsky, 2006; Duncombe and Yinger, 2007) . Others have employed cost frontier techniques, both of the nonparametric data envelopment analysis (DEA) variety and of the parametric stochastic frontier type (Alexander et al., 2000; Gronberg et al., 2004 Gronberg et al., , 2005 . It is widely understood that estimates of ineffi ciency may refl ect true ineffi ciency, or may be the result of omitted variables, either outputs or inputs.
In this paper, we address all three challenges. Our analysis incorporates a value-added measure of school quality that is based on changes in the performance of individual students over time. Value-added metrics greatly reduce the infl uence of student and family characteristics on the measure of school quality. We use a newly available series of capital stock indicators. Previous studies that have wanted to include capital stock measures have used proxies such as the number of books in the school library, school expenditures on maintenance, equipment and library books, or bond indebtedness (Jones and Zimmer, 2001; Callan and Santerre, 1990) . In this paper, the capital stock indicators are based on insurance records and insurance valuations provided by individual school district superintendents. As such, our analysis provides the fi rst direct evaluation of the relationship between capital stocks and school district costs. Finally, we directly address the questions of school ineffi ciency by estimating a stochastic cost frontier model that does not presume that school districts are operated effi ciently.
We use our estimated model to address three important questions concerning the role of facilities in public school costs and the potential for cost savings from K-12 education. First, we look at the direct effect of capital on the variable operating costs and ask, "Do differences in school facilities lead to differences in the cost of education?" Second, we assess the effect of the inclusion of a measure of capital on the estimated marginal effects of outcomes and non-capital inputs on cost and ask, "Are cost analyses that do not include capital biased?" Finally, we ask the $64,000 question, "How much could be cut from operating expenditures if school facilities were allocated effi ciently?"
II. THE COST FUNCTION MODEL
School districts produce education outcomes using a production process that combines input factors that are purchased (for example, teachers and other personnel) with environmental input factors that are not purchased (for example, student skills acquired in an earlier grade). Thus, we model school district cost as a function of the quantity and quality of outcomes produced, the prices of variable inputs, the quantity of the quasifi xed capital, and the characteristics of students and parents that directly infl uence the education production process.
Our model is a district-level cost function. The underlying conceptual assumption is that resource allocation decisions are largely made at the district level, where district administrators allocate funds across campuses and across physical facilities and instructional programs. There are also practical considerations favoring a district-level cost function. First, the capital stock indicators are only available at the school district level. Second, districts have central administration costs that are borne jointly by campuses in the district. Allocating these costs among campuses, or ignoring them entirely, are issues that complicate any campus-level cost function analysis. Further, campuses and districts vary in how actual administrative services are conducted at campus or district levels, and they differ in how they apportion these administrative costs across units when they report to the state of Texas.
A. Sources of Data and Measurement Issues
Data for this analysis come from the Texas Education Agency and school district surveys. Due to concerns about cost function differences among districts with different service scope, we focus on districts that offer K-12 education. The six special-purpose school districts that have no tax base (most of which are located on military bases) are excluded because they face a different incentive environment than other school districts, as is one special purpose school district that serves as a residential facility for at-risk youth. All other traditional public school districts for which complete data are available have been included in the analysis. Charter schools are not included because capital stock data are not available for them. This analysis covers the 2006-07 school year.
Cost
We measure district costs as total operating expenditures per pupil, regardless of funding source. Therefore, our cost measure includes federal, state, and local dollars. We exclude debt service, and we also exclude transportation expenditures on the grounds that they are unlikely to be explained by the same factors that explain student performance. We exclude food expenditures on similar grounds. We include maintenance expenditures as they are a necessary feature of employing capital.
Quantity of Output/Scale
The quantity of output is conceptually measured as a student year and is practically measured as the number of students in fall enrollment. There are few dimensions on which Texas school districts differ more than scale. The fi ve largest Texas districts have average daily attendance of more than 65,000 students; the fi ve smallest Texas districts have average daily attendance of less than 30 students. Moreover, the smaller school districts are often located in regions where the population density is low, so that these districts may be geographically large.
Quality of Output
The principal quality indicator is a value-added measure of education outcomes that is based on changes in scores on the Texas Assessment of Knowledge and Skills (TAKS). We obtained math and reading scores for every student in grades three through eleven attending traditional public schools in Texas during the 2004-05 through 2006-07 school years. For all students for whom we could match test scores in the 2006 and 2007 spring test administrations, we calculated standardized tests score gains similar to the method used by Reback (2008) . Thus, for each subject (math and reading) we divided the students into subgroups based on their grade level and test score in 2006. For example, all of the students in one subgroup had the same 2006 math score in the fourth grade; all of the students in another subgroup had the same 2006 reading scores in the tenth grade. We then calculated normal curve equivalent (NCE) scores for 2007 for each subgroup. The NCE is a standardized test score that is commonly used in the education literature. It is defi ned as NCE = 50 + 21.06*z, where z is the standardized test score, z = (x i -μ)/σ, the mean μ is calculated as the mean score for all students in, say, the subgroup in 2007 defi ned based on performance in 2006 (i.e., the subgroup of students with the same score in 2006), and the standard deviation σ is calculated as the standard deviation for all students in that subgroup. An NCE of 71.06 indicates that the student's post-test score in 2007 is one standard deviation above the mean for students with an identical pre-test score. Our value-added measure is the average NCE score in math and reading for this cohort-constant set of elementary and high school students (grades four through eleven).
One criticism of the TAKS is that it is a test of minimum performance. To capture the cost impact of higher levels of performance, we also consider a second district quality indicator: the percentage of students who complete an advanced course (i.e., an honors, advanced placement, or international baccalaureate course). This indicator is specifi cally directed at high achieving students in high school.
Input Prices
The education sector is highly labor-intensive, with three major sources of costteachers, administrators, and non-professional staff. To generate our measure of teacher price, we follow the literature and estimate a teacher salary index using a hedonic wage model and data on individual teacher earnings. The salary index for each district is the predicted wage for a teacher with fi ve years of experience and a bachelor's degree, holding all other observable teacher characteristics constant at the statewide mean. (See the appendix for more on the teacher salary index.)
Administrator salaries respond to local market conditions in much the same way that teacher salaries do. While administrators clearly earn more than teachers with fi ve years of experience, the differential between administrator wages and teacher wages is very consistent across districts. Thus, principal salaries track teacher salaries very closely. Because the two compensation measures are highly correlated, administrator salaries did not add much information to the cost function estimation and we do not include them in the fi nal estimating equation.
Teachers and administrators may have very similar salary profi les across districts, but there is little reason to expect that the price of a teacher would be a good proxy for the price of other, nonprofessional school district personnel. Taylor (2008) estimated a comparable wage index for high school graduates (HS CWI) using the Individual Public Use Microdata Sample (IPUMS 5-Percent) from the 2000 U.S. Census and the Bureau of Labor Statistics' Occupational Employment survey. We use her HS CWI as the price index for non-professional educators in Texas.
Prices for instructional equipment and materials would ideally be included in our cost function but were not available to us. However, since prices for computer equipment and other instructional equipment and materials are largely set in a national market, any variation in prices among school districts should arise primarily from variations in transportation costs. Therefore, we include a measure of geographic isolation -the distance to the center of the nearest major metropolitan area -to capture variation in non-labor input prices. 1 1 Miles to the nearest major metro area for each district was calculated as the pupil-weighted average distance from each campus to the geographic center of the nearest county with a population of at least 650,000 people. (According to the 2000 Census, there are six major metropolitan areas in Texas fi tting this description -Austin, Dallas, El Paso, Fort Worth, Houston, and San Antonio.) Distances are calculated using latitude and longitude information. The latitude and longitude of county centers come from the U.S. Census. Where available, latitude and longitude information for campuses are taken from the National Center for Education Statistics' Common Core Database. The remaining campuses are assigned latitudes and longitudes according to the zip codes at their street address. We censored the data at a lower bound of ten miles due to the concern that the geographic center of a county does not necessarily refl ect the population center and our belief that districts in the range from zero to ten miles from the geographic center of the populous county were equally urban.
Capital Stock Indices
This analysis builds on a series of capital stock indicators developed by Taylor et al. (2005) To increase the coverage of the capital stock indicators, the survey responses were supplemented with additional information from TASB's insurance fi les. TASB serves as an insurer for many Texas school districts, and was the original source for the data provided by some of the survey respondents. Together, the insurance fi les and the survey responses provided data on 718 school districts which employ 63 percent of Texas' public school teachers.
This sample of 718 Texas school districts, though not random, is generally representative of Texas school districts. Districts in the sample are similar in size and growing at the same average rate as districts outside the sample. Differences in property wealth per pupil are negligible, as are differences in both the levels and the budget shares of capital outlays, plant maintenance, and debt service. However, as discussed in Taylor et al. (2005, p. 5) , "sample districts have fewer students who are economically disadvantaged, a lower share of students with limited English profi ciency, and a lower share of minority students than out-of-sample districts."
From the survey responses and TASB records, Taylor et al. (2005) developed a composite index of educational capital. The composite index indicates the total value of general purpose facilities and equipment in the district. This indicator excludes teacherages (residential structures that districts own for the use of district personnel) and capital devoted to athletics, but includes all other insured property. It ranges from less than $5,000 per student to more than $100,000 per student, with an un-weighted mean of $20,000 per student.
We use those cross-sectional estimates of educational capital as the foundations for perpetual inventory estimates of school district capital stocks in the years 2002-03 through 2006-07. We follow the approach used by the U.S. Bureau of Economic Analysis (BEA) to generate national capital stock estimates. We use the survey responses as the best available estimate of the capital stock at the end of year 2002 -03 (K 0 ) and build the capital stock for following years using the annual capital expenditures by each school district as our estimate of capital investment. 3 We use the annual geometric depreciation rate used by the BEA for educational structures, 0.0182. Thus we calculate the net capital stock in 2003-04 through 2006-07 (K 1 through K 4 ) as: 
Other Environmental Factors
In addition to facilities, we consider several other environmental factors that infl uence district costs but which are not purchased inputs. In principle, a range of student, family, and neighborhood characteristics would be included in the cost model. In practice, school district matched socioeconomic variables are hard to come by in non-Census years. Because a change in a student's test scores from year to year is due to both the quality of the schooling and to the quality of the student and home inputs, changes in scores are still impure measures of school input contributions to performance. To address this concern, we incorporated into our analysis the percentages of students in each district who were limited English profi cient (LEP), received free or reduced-price lunches, were enrolled in high school, or were classifi ed as special education students. To capture variations in the cost of education that arise because the student population is geographically dispersed and the population density is low, we include the log of the square miles in the school district.
For LEP, special education, and high school students, the required resource intensity per student is increased (for example, due to more specialized teachers and supplies and smaller required class sizes), thus driving up per pupil costs relative to regular students. The free lunch measure is chosen to account for the lower level of home inputs which are expected to obtain, on average, in households in offi cial poverty status and in migrant households. The importance of home inputs in the production of student achievement is quite well established, and districts will have to increase other inputs to substitute for lower levels of parental-supplied inputs in order to produce any given quality of output.
B. Model Specifi cation
The core functional form is a translog cost function. A primary advantage of the translog is its fl exibility. Other popular functional forms -including the Cobb-Douglas specifi cation used by Reschovsky (2004a, 2004b) -are restricted, special cases of the translog function. There is also a strong theoretical basis for preferring the translog cost function to its Cobb-Douglas counterpart. In a multi-output model setting, the Cobb-Douglas specifi cation imposes the wrong curvature on the output cost frontier. 4 The primary estimation disadvantages of the translog specifi cation are its complexity in evaluating marginal effects and statistical concerns with multi-collinearity and over-parameterization due to the presence of many interaction terms involving the explanatory cost factors.
The dependent variable is operating expenditures per pupil (E). The right-hand-side variables are the n 1 output variables (enrollment and quality measures, the q i , the n 2 input prices w j , and the n 3 environmental factors x k . All variables are in natural logs.
5 Because school district size varies so greatly within Texas, other researchers have chosen to exclude the largest Texas districts from analysis (e.g., Imazeki and Reschovsky, 2004a) . Rather than take such an approach, we also include a cubic term for log enrollment.
The model for district expenditures per pupil is: There exists a sizeable literature that fi nds that school districts do not all operate in an effi cient, cost-minimizing fashion and that the degree of ineffi ciency varies considerably across districts. For example, Imazeki and Reschovsky (2004a, p. 41 ) fi nd that " [t] he average district in Texas is 59 percent as effi cient as the most effi cient district in the state." Gronberg, Jansen, and Taylor (forthcoming) fi nd that the average Texas district is 89 percent effi cient while Taylor, Grosskopf, and Hayes (2009) fi nd that the average Texas school district is 78 percent effi cient.
We explicitly allow for the possibility of school district ineffi ciency using standard stochastic frontier techniques. We model the error term as being composed of a standard two-sided term to capture random un-modeled differences across districts (v i ) and a onesided term to capture ineffi ciencies (u i ). We specify the one-sided error term as having a half-normal distribution. Jensen (2005) fi nds that specifying a half-normal distribution for the ineffi ciency term generates more reliable estimates of technical effi ciency than other assumptions about the distribution of ineffi ciency.
Heteroskedasticity is always a concern for researchers estimating educational cost functions. The nature of the potential heteroskedasticity in the stochastic frontier context is more complicated than in the classical linear regression model due to the asymmetric 5 All variables that are expressed as percentages or percentage points (such as the percent Limited English Profi cient or the lagged passing rate) are assumed to enter the model in exponential terms, so that the natural log of the variable returns the percentage point values. This approach is necessary because these variables frequently take on the value of zero. Note that this strategy was also used by Eakin and Kniesner (1992) in their cost function study of hospitals.
composed error term in the frontier model. Heteroskedasticity could arise with respect to either or both error terms. If the heteroskedasticity only appears in the symmetric noise error component, then the kernel cost function parameter estimates are still unbiased. The estimates of district-specifi c effi ciency are, however, potentially biased in the presence of heteroskedasticity in v. If the heteroskedasticity only appears in the one-sided error component, then both the cost function parameter estimates and the effi ciency estimates can be biased. If heteroskedasticity is present in both error terms, then both potential types of bias exist. We model heteroskedasticity in both the one-sided and two-sided error terms, with the one-sided variance function specifi ed as a linear combination of three indicator variables, one for whether a district has less than 1,600 students, another for whether a district has less than 5,000 students, and a third for whether a small district serves more than 300 square miles. We choose these three indicators because the Texas school fi nance formula provides additional funding for small (less than 1,600 students), midsized (less than 5,000 students) and sparsely populated (small with more than 300 square miles) school districts, and those supplemental funds could foster ineffi ciencies. We model the two-sided variance as a function of whether the district receives a small size adjustment because measurement error is frequently a function of school district size.
The possible endogeneity of school quality indicators is also a common concern for researchers estimating educational cost functions. Unfortunately, the econometric literature provides little guidance as to the proper way to address these concerns in a stochastic frontier setting. Furthermore, the translog specifi cation means that not only do we need instruments for the two quality indicators (the average NCE score and the share of students completing an advanced course), we also need instruments for all of the quality interaction terms -a total of 25 variables in all. The large number of potentially endogenous variables compounds the usual problems associated with weak instruments.
Following the literature, we explored using likely determinants of the local demand for education -the percentage of the adult population with at least a bachelors' degree, the percentage of households with school age children, the percentage of the population over age 65, the percentage of households with school age children, and the percentage of households that are owner occupied -and their interactions with the exogenous variables as potential instruments for the school quality indicators and their interactions with the exogenous variables. We also explored using two measures of yardstick competition -the share of students taking advanced courses in surrounding districts two years previously and the percentage passing the TAKS in surrounding districts two years previously -and their interactions as possible instruments. No combination of potential instruments passed a weak instruments identifi cation test (based on the Cragg-Donald Wald F statistic from traditional, two-stage least squares estimation). Because weak instruments are often worse than no instruments at all, we treat all of the independent variables as exogenous in our estimation.
III. ESTIMATION RESULTS
Texas has 964 traditional school districts that serve students in kindergarten through twelfth grade (K-12). Capital stock data are available for 659 of these districts.
6 Three of those districts are missing one or more explanatory variables and must be excluded. Therefore, the estimation sample includes 656 Texas school districts. Table 1 compares descriptive statistics for all K-12 districts and for the 656 districts in the estimation sample. As the table illustrates, the school districts in this analysis are generally representative of Texas as a whole. On average, the percentage of students who were economically disadvantaged or limited English profi cient is somewhat lower for the districts in the estimation sample than for other districts, and the percentage of high school students is somewhat higher. None of the other differences in means are statistically signifi cant at the 5-percent level, and none of the variables are signifi cantly different at the 1-percent level. 
A. The Baseline Estimation
The fi rst column of Table 2 presents modifi ed coeffi cient estimates from our baseline model. 7 For presentation purposes, we collapse the interaction terms by evaluating each variable at the mean of all of the other explanatory variables. For example, the translog cost function (2) can be rewritten as
where θ indicates all of the terms that do not involve q 2 . Evaluated at the mean of all of the other variables, the term in parentheses becomes a constant (φ q 2 ), yielding ) and the estimated coeffi cient on the squared term (d 22 ) for each variable. Standard errors are in parentheses. Asterisks indicate a variable where one cannot reject the hypothesis that the variable and all of its interaction terms are jointly zero at the 5-percent level.
As the table illustrates, the baseline model is consistent with reasonable expectations about school district costs. We fi nd that costs increase with increases in the quality of output and that the cost of reaching any particular performance level depends on educator wages, school district isolation, geographic size, and student needs. For example, the estimation suggests that when evaluated at the sample mean values for all explanatory variables, the cost of educating an economically disadvantaged student is 31.1 percent higher than is the cost for educating a student who is not eligible for free or reduced lunch.
As expected, economies of scale are substantial. The model suggests that the cost of achieving any given performance standard is 25 percent higher in a district with 100 students than it is in a district with 400 students, which in turn has costs 15 percent higher than in a district with 8,000 students.
What is the direct effect of district capital on district operating costs? As Table 2 illustrates, our evidence suggests that the relationship is nonlinear. For school districts with a relatively small capital stock, increases in the capital stocks have a negligible impact on operating costs; for districts with larger capital stocks, increases in the capital stock lead to increases in operating costs. Figure 1 illustrates the relationship between educational capital per pupil and the cost of education, holding all other variables constant at the mean. The dashes indicate the region where the marginal effect of educational capital is not signifi cantly different from zero at the 5-percent level. As the fi gure illustrates, school districts with a capital stock per pupil greater than approximately $11,050 per pupil experience positive marginal cost. Most districts operate in the region where increases in capital stocks lead to increases in the cost of education. This presents a puzzle. Standard economic theory would have variable costs non-increasing, and usually decreasing, in the quantity of any quasi-fi xed input. The estimated positive marginal cost implies a negative predicted shadow price on capital. Given the actual positive price of capital, the implication would be a gross overutilization of capital relative to an effi cient allocation. In other words, the increased costs of maintaining a large stock of educational capital swamp any productivity gains associated with such capital.
Such a fi nding is not without precedent. Evidence of overutilization of capital is also found in a translog-based analysis of school districts in Connecticut by Callan and Santerre (1990) . They argue the positive marginal effect is consistent with the average school capital stock being larger than its long-run cost-minimizing value. Similar results were obtained by Cowing and Holtmann (1983) Although this is a possible interpretation, the degree of allocative ineffi ciency implied by our estimates seems implausible. An alternative interpretation is to posit a possible positive correlation between capital and unobserved quality variation. If a pleasant school environment is an important dimension of school quality (or is perceived to be an amenity by the local community) and if better environments are correlated with more capital, then the positive coeffi cient on capital may refl ect the positive marginal cost of producing a higher quality school environment. In essence, under this interpretation capital serves as a proxy measure for an unobserved school amenity, and a positive coeffi cient is consistent with theoretical expectations. This unobserved quality is not captured by our observed quality measure, because it is not well correlated with traditional measures of student achievement.
This alternative interpretation also has roots in the literature. Cellini, Ferreira, and Rothstein (2010) examine the extent to which bond referenda for school facilities are 8 Both of these studies include estimates using the translog function specifi cation in their results.
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The Relationship Between Educational Capital and the Predicted Cost of Education capitalized into housing values, and fi nd that only a small portion of the capitalized value can be explained by the relationship between academic outcomes and school facilities. They conclude that "[a] sizeable portion of the hedonic value of school facilities refl ects nonacademic outputs" (Cellini, Ferreira, and Rothstein, 2010, p. 255) .
Regardless of the interpretation attached to the observed positive coeffi cient, the estimates provide no evidence that increases in facilities capital will help districts to reduce the costs associated with maintaining or improving the test score performance of their students, or that infrastructure inequalities lead to academic disadvantages. A message that facilities capital is not a critical margin for improving test score measures of student achievement is also consistent with the evidence of a positive effect of charter school attendance on student performance from the lottery-based Gold Standard studies (Hoxby and Murarka, 2009; Abdulkadiroglu et al., 2009) . 9 Charter schools do not receive the same state funding support for capital as do traditional public schools, and charters tend to operate in relatively modest facilities yet achieve student achievement results generally comparable to those achieved by traditional public schools.
The estimates also do not support the hypothesis that districts with modest capital stocks need more educational resources to compensate for their lack of capital. Within the range of capital stocks under analysis, there is no reason to expect that upgrading school district facilities would lower operating costs. Districts with ample capital stocks do not have lower operating costs; they just spend more on maintenance.
Effi ciency
Our stochastic frontier model generates effi ciency estimates for each district in our sample. Table 3 provides summary statistic information on the distribution of estimated effi ciency values for the baseline model. The effi ciency estimates indicate the percentage by which one could reduce cost without reducing measured outputs. A perfectly effi cient district would have an effi ciency estimate of 1.00. A school district with an effi ciency estimate of 0.75 could reduce costs by 25 percent without reducing measured output. The evidence in Table 3 indicates that on average Texas school districts could reduce 9 For a recent review of the empirical literature on charter schools, including both experimental /lottery and nonexperimental studies, see Gronberg and Jansen (2009) . The measurement of effi ciency is, of course, directly linked to the particular set of performance measures that are included in the cost model and the particular set of input measures. For example, if only a math and reading performance measure is included in the estimated cost function model but a district devotes signifi cant resources to music and athletic programs (and if those programs have little correlation with math and reading) then this district may be identifi ed as ineffi cient, even if all of its programs are being produced as effi ciently as possible. Figure 2 plots the distribution of these measures for our baseline model. The distribution is heavily skewed, and indicates that while the majority of districts have values above 0.9 and a large majority have values above 0.8, there are a non-trivial number of districts with values lower than these.
Using the baseline model, and assuming that school districts operate effi ciently given their existing capital stocks, we can predict the per pupil cost of an average quality education for each school district. These estimates range from $5,497 to $20,126, with a mean of $7,384. (as shown in Table 4 ). We then simulated the cost of an average
Figure 2
The Distribution of Cost Effi ciency quality education, assuming that all school districts had a capital stock of effi cient size. In other words, we assigned a capital stock of $11,050 per pupil to all districts with a larger capital stock, and left the capital stocks of all other districts unchanged. Under these alternative circumstances, average cost fell by $435 per pupil to $6,949 per pupil. Aggregating across the 656 school districts in the estimation sample, the analysis suggests that reducing the size of the educational capital stock to its effi cient level could reduce educational expenditures in Texas by 3 percent, or approximately $565 million dollars per year.
B. Comparison to a Model without Capital
In the second column of Table 2 we estimate our baseline model while excluding capital. This exercise is designed to explore the sensitivity of the estimated marginal effects of traditional education cost function variables and the sensitivity of estimated school district cost ineffi ciencies to the inclusion of a measure of school capital.
As the results in the table illustrate, the exclusion of capital results in signifi cant changes in the estimated coeffi cients. The impact of enrollment on total costs increases. The marginal effect of distance from a major metropolitan area also increases, perhaps indicating a correlation between remoteness and measures of the capital stock. The model without capital yields smaller estimates of the differential cost to educate economically disadvantaged students than does the model with capital. Evaluated at the mean of the other variables, the model without capital indicates that the cost of educating an economically disadvantaged student is 26 percent higher than the cost of educating a student who is not economically disadvantaged, rather than the 31 percent differential estimated in the baseline model.
Most importantly, although we can reject the hypotheses that the two quality measures (and all their interactions) are jointly zero, excluding the capital stock indicator leads to the mistaken conclusion that one of the quality measures -the average NCE score -is not signifi cantly related to cost. Compared to the baseline model and evaluated at the mean of the other variables, the model without capital understates the marginal cost of an increase in NCE scores and overstates the marginal cost of an increase in the share of students taking advanced courses. Figure 3 compares the predicted relationship between scale and cost for the models with and without capital. In both cases, the cost predictions were calculated holding all other regressors constant at the mean. As the fi gure illustrates, excluding the capital stock increases the predicted cost of education for districts at either extreme of the size distribution. The predicted cost of operating a school district with 200 students is 4 percent higher when capital is omitted than when it is included. The predicted cost of operating a school district with 100,000 students is also 4 percent higher in the models without capital stocks than it is in the baseline model.
The second row in Table 3 presents the district effi ciency measures from a model excluding capital. As these results illustrate, the without-capital distribution of estimated effi ciency values is similar to the with-capital distribution. As in the baseline model, the distribution of effi ciency measures is heavily skewed, and the estimates are concentrated above 0.8.
The correlation between the effi ciency estimates for the two models is 0.95 (as shown in Table 5 .) Not surprisingly, the difference in estimated effi ciency is a function of the size of the school district capital stock. Figure 4 plots the differences between the effi ciency estimates from the two models against educational capital per pupil. As the fi gure illustrates, compared to the baseline, the model without capital indicates that
Figure 3
The Relationship Between Scale and Cost for Two Alternative Models districts with larger capital stocks are less effi cient than districts with smaller capital stocks. In other words, the costs associated with maintaining larger capital stocks are attributed to ineffi ciency in the model without capital.
The third row in Table 4 presents the predicted per pupil cost of an average quality education, based on the model without capital. As the table illustrates, excluding the capital stock from the model has a modest impact on the predicted cost of producing an average quality education. The Pearson correlation between the two sets of per-pupil cost projections is 0.97, and they differ in their average estimate of cost by $117 per pupil (1.6 percent). 
Figure 4
The Diff erence in Cost Effi ciency Between the Model With and Without Capital
Thus, in response to our second key question about the importance of capital measures in estimating educational cost functions, our evidence suggests that omitting the capital stock variable from the analysis has a modest infl uence on the key estimated marginal effects and a somewhat larger effect on the estimated pattern of differences in effi ciency across districts. The fi nding of marginal effect insensitivity is particularly relevant for policy, because predictions based on marginal effects underlie all cost function-based estimates of the cost of educational adequacy. The insensitivity of relative effi ciency rankings is also of potential policy importance if cost effi ciency estimates are used to identify relatively effi cient and ineffi cient district operations. Our results suggest the absence of a measure of district facilities capital is important but should not signifi cantly bias, and therefore not hinder, the application of frontier cost estimation to other states.
C. Comparison to a Non-frontier Model
The third column of results in Table 2 is for non-frontier estimates of the cost function. The purpose in this case is to assess the effect of a failure to account for ineffi ciency on the parameter estimates of the core cost function. Three differences in the estimates stand out. First, a failure to control for ineffi ciency leads to the mistaken conclusion that one of the quality measures -the average NCE score -is not signifi cantly related to cost. Second, the non-frontier model yields strikingly different estimates of the economies of scale. Finally, as expected, the non-frontier model generates cost predictions that greatly exceed those produced by the baseline model. As Table 4 illustrates, the non-frontier model indicates that the cost of providing an average quality education is $1,000 per pupil higher than the cost projections from the baseline model.
D. Comparison to a Restricted Cobb-Douglas Cost Function Model
It is common in the school district cost literature to assume a Cobb-Douglas functional form for the cost function. Given the appropriate concerns about the translog approach that we mentioned above, it is worthwhile to estimate a Cobb-Douglas cost model for our data set. In addition to our direct interest in comparing fi ndings from the two alternative specifi cations, we can also test the parametric restrictions on the translog function which yield the Cobb-Douglas function as a nested functional form. The fourth column of Table 2 presents the marginal effects from a modifi ed CobbDouglas version of the baseline model -one that, as is common in the literature, includes the quadratic terms but not the interaction terms. An F-test of the Cobb-Douglas restrictions easily rejects the assumption of a CobbDouglas functional form. A comparison between the fi rst and fourth columns of Table  2 illustrates some of the potential impacts of mis-specifying the model as being CobbDouglas. Economies of scale are exaggerated under the Cobb-Douglas specifi cation, while the marginal effects of a higher teacher wage are greatly understated. Intriguingly, the estimated marginal effect of an increase in the capital stock is very similar across the two specifi cations, as is the predicted cost of an average quality education.
IV. CONCLUSIONS AND POLICY IMPLICATIONS
In an era of increasing accountability for the quality of performance of public schools, the importance of understanding the relationships among the cost of education, quality, quantity, and input market conditions is heightened. Econometric exploration of these relationships is particularly challenging due to a number of features of the public school decision environments; these include the inherent diffi culties in measuring quality, the importance of student and family inputs in the production of quality, the absence of measures of public school capital, and weak incentives for cost effi cient behavior. We offer a framework for education cost function estimation that attempts to address these challenges with credible best-practice methods.
In addition to identifying a basic education cost framework, we provide initial model estimates that focus on the potential importance of including capital stock measures in the empirical specifi cation. Our analysis of a cross-section of Texas school districts suggests that capital has a signifi cant direct effect on operating cost. We fi nd that the cost of education is higher in school districts with more capital per pupil, a pattern that suggests either that there is gross overcapitalization by school districts or that nicer facilities refl ect an important dimension of school quality that is not well correlated with traditional measures of student achievement. We fi nd no evidence that differences in student achievement across school districts in Texas can be attributed to inadequate facilities.
We also fi nd that cost function estimates for Texas are surprisingly insensitive to the inclusion or exclusion of capital stock measures, suggesting that cost function estimates that do not include a capital stock measure are unlikely to be biased. Indeed, our analysis suggests that the bias introduced by failing to model school district ineffi ciency is more problematic than any bias arising from a lack of controls for school district capital.
The policy implications of our analysis are substantial. Our results suggest that policies that foster increased investment in school facilities could increase the cost of education, while policies that help school districts in declining markets reduce their capital stocks could lower the cost of education. Under current policy, capital funding is targeted toward districts in which enrollments are growing rapidly and the need for new facilities is obvious. Our analysis suggests that it could be at least as cost effective to target some funding toward districts with declining enrollments so that they could trade down to facilities that better match their current and projected enrollment levels.
Our analysis strongly suggests that equalizing access to educational facilities is not a critical margin for equalizing test score measures of student achievement. For a given level of educational spending, there is no reason to believe that student achievement gains would be systematically greater in school districts with large capital stocks per pupil than in school districts with more modest capital stocks, all other things being equal. Instead, the evidence suggests that performance gains would be lower in the heavily capitalized district because resources would be diverted to maintenance. Although students and teachers would undoubtedly be happier spending their days in a modern school building with a multitude of amenities, there is no evidence that students would learn more in such surroundings, or that students whose schools are less attractive are academically disadvantaged by the differential. 
APPENDIX: ESTIMATING THE TEACHER SALARY INDEX
The teacher salary index for each district is based on the predicted wage for a teacher with fi ve years of experience and a bachelor's degree, holding all other observable teacher characteristics constant at the statewide mean. The predicted wage is then divided by the average predicted wage to yield the salary index. The wage predictions come from a hedonic model of teacher salaries, in which salaries are a function of individual teacher characteristics, school characteristics, and local labor market conditions. Interaction terms allow all of the model coeffi cients to differ between metropolitan and non-metropolitan areas. Table A.1 presents the coeffi cient estimates and robust standard errors for the variables used in the estimation of the predicted wage.
The data on teacher salaries and individual teacher characteristics come from the Texas Education Agency (TEA) and Texas' State Board for Educator Certifi cation (SBEC). The measure of teacher salaries that is used in this analysis is the total full-time equivalent monthly salary, excluding supplements for athletics coaching. 10 The hedonic model includes controls for teacher experience (the log of years of experience, the square of log experience and an indicator that takes on the value of one if teacher experience is missing) 11 and indicators for the teacher's gender, 10 Just over 8 percent of the classroom teachers in Texas receive supplemental pay for coaching duties. The average coaching supplement is $5,300 per year, but each year during the analysis period at least 20 classroom teachers received a coaching stipend in excess of $20,000. More than one-quarter of the male classroom teachers in Texas received a coaching supplement during the analysis period. 11 Teaching experience is unknown for approximately ten percent of the observations. This missing-data indicator takes on the value of one if the teacher's experience is unknown, and zero otherwise. Years of experience was set to zero for all observations where the missing data indicator was set equal to one. The model was estimated in a single equation using interaction terms to allow all of the coeffi cients to differ between metropolitan and non-metropolitan areas, and with individual teacher fi xed effects. The model also includes year indicators, metropolitan area indicators, and separate metropolitan and non-metropolitan indicators for teacher demographics certifi cation status, coaching status, and whether or not the teacher is new to the district. Robust standard errors are in parentheses. Asterisks denote signifi cance at the 1% (***), 5% (**), and 10% (*) levels.
race (black, Hispanic, or Asian/Indian), educational attainment (no degree, master's degree or doctorate), teaching assignment (math, science, special education, health and physical education, or language arts) and certifi cation status (certifi ed in any subject, and specifi cally certifi ed in mathematics, science, special education, or bilingual education). Only teachers who worked at least half-time for a traditional Texas school district during the analysis period are included in the analysis. For purposes of this analysis, a traditional Texas school district collects taxes within a designated geographic boundary and serves the full spectrum of grade levels. Charter schools, K-8 school districts, school districts on military bases, and special purpose residential school districts have been excluded. The analysis covers the fi ve-year period from 2003-04 through 2007-08. The student demographics used in this analysis are the percentage of students in the district who are economically disadvantaged, limited English profi cient, black, and Hispanic. We measure school size as the log of average campus enrollment in the district. The analysis includes four indicators for school district size -one indicator variable for very small districts (those with less than 800 students in average daily attendance), one for small districts (those with at least 800, but less than 1,600 students), one for midsized school districts (those with at least 1,600, but less than 5,000 students) and one for very large school districts (those with more than 50,000 students in average daily attendance).
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We use a number of indicators for local labor market conditions outside of education. We use the National Center for Education Statistics' Comparable Wage Index to measure the prevailing wage for college graduates in each school district (Taylor and Fowler, 2006) . 13 We include the Department of Housing and Urban Development's estimate of Fair Market Rents (in logs), and indicators for counties on the border with Mexico, each metropolitan area, and for whether or not the district was located in a micropolitan statistical area. To accommodate typical rent gradients and geographic isolation, the analyses also include the distance from the district to the center of the closest metropolitan area. To accommodate potential salary differentials arising from population fl ows, we also include an indicator for whether or not the county lost population over the previous fi ve-year period.
